Aquifer recharge with reclaimed water is a promising means to store and supply on demand reclaimed water of high quality for further non-potable reuse. The reuse applications may include indirect agricultural or landscape irrigation, saltwater intrusion barriers, subsidence mitigation or aquifer replenishment. As an alternative to high-pressure or double-membrane systems, hybrid schemes consisting of a disinfection/filtration step prior to aquifer recharge were assessed in this study regarding their environmental footprint and energy efficiency. A simplified life-cycle assessment (LCA) for a hypothetical case study in a water-scarce country was conducted to compare these hybrid schemes to a double-membrane system working under similar conditions. The results show that there is a significant margin for lowering the environmental impact, energy demand and operational costs if non-potable water quality is targeted. While the hybrid schemes outperform highpressure membranes for these factors, land footprint and final water quality also need to be considered in the choice of solution for specific conditions. M. Staub (corresponding author)
INTRODUCTION
Against a background of population growth, increasing industrialization and urbanization as well as climate change, wastewater reuse is increasingly considered as a possible alternative water source for diverse non-potable uses (Asano ) . A crucial factor is to define the water quality requirements for specific uses. However, it also needs to be considered that reclaimed water is usually available at relatively constant flows throughout the year, while the demand for reclaimed water is seasonal. Therefore, the question of reclaimed water storage is also essential.
Most of the aquifer recharge applications of wastewater reuse so far rely on high-pressure membrane systems or even double-membrane and advanced oxidation processes as pretreatment. However, when non-potable reuse is targeted or the replenishment of a threatened aquifer is planned, recharge with high-quality non-potable water could be envi- (Table 1) . Thus, a direct comparison is not possible, other than to say UF À NF achieves better water quality (e.g. also reduces salinity).
Considered hypothetical case study
Owing to the lack of existing data, and to enable an easier comparison of different schemes, a hypothetical case study was considered based on real data from Veolia-operated sites. The case study was chosen to be located in Morocco as the Mediterranean region is expected to be a potential area for application. This choice impacts the emission factors (e.g. for the electricity mix) as well as the transport distances for raw and engineered material supply.
The plant was designed with a size of 50,000 population equivalent (PE), with a considered design wastewater flow of 6,250 m³/d (2.3 Mm³/y) based on a 125 L/day/PE wastewater generation. The wastewater quality is based on the 75th percentile of the SE quality review performed, as listed above.
Additional boundary conditions are no need for salinity reduction, e.g. due to the specific crop to be irrigated and no major heavy metal input into the municipal wastewater treatment plant. The hypothetical case study consists of a tertiary water reclamation and aquifer recharge facility next to an existing wastewater treatment plant (for main design parameters, see Table 2 ). The possibility to recharge the aquifer and sufficient land availability are taken for granted. 
RESULTS AND DISCUSSION

Comparative electricity demand
The electricity demand of treatment trains #1-4 is approximately 0.20-0.25 kWh/m³ and thus up to five times less than combined ultrafiltration and nanofiltration (#6) (Figure 3 ). The combination of UV with infiltration ponds (#5) has even lower energy demand levels with 0.08 kWh/m³.
It is noteworthy that water pumping from the recharged aquifer can significantly increase the electricity demand of the treatment trains. Here, a 25 m pump total dynamic head was considered (Table 2) , and the wells' energy demand may amount to up to 30% (#1-4) or even 60% of the total energy demand (#5). Thus, storing the water into aquifers with a deep piezometric surface will not be economically favourable compared to using more shallow or surface water resources. At an abstraction depth of 50 m, the electricity demand for water abstraction will exceed that of the treatment itself (schemes 1-5). Comparative land footprint Figure 5 shows the land footprint of each proposed scheme.
Comparative carbon footprint
If space availability is an issue, solutions involving membranes (#2 and #6) or slow sand filters (#3) should be preferred as they need only very little space. On the whole, highly urbanized areas may not be the primary target of hybrid reuse schemes, which will probably choose high-technology, high-energy demanding equipment providing reclaimed water of potable quality.
CONCLUSIONS
All five proposed hybrid treatment trains are capable of supplying water of high-quality fit for all non-potable reuses, and the combination of disinfection, filtration and aquifer passage proved to be an efficient combination for removing suspended solids, residual BOD and microbiological contaminants to the required degree. The environmental performance of the treatment trains was compared in terms of carbon footprint (Figure 4 ), but also electricity demand ( Figure 3 ) and land footprint ( Figure 5 ). Both the electricity demand and carbon footprint of hybrid schemes 
